Introduction
Numerous studies from the United States and around the world have described the marked benefits of formal cardiac rehabilitation (CR) and exercise training programmes on coronary heart disease (CHD) risk factors, including levels of cardiorespiratory fitness (CRF), psychological risk factors, quality of life, and major morbidity and mortality. [1] [2] [3] [4] [5] [6] [7] Numerous studies and meta-analyses have demonstrated the benefits of CR on hard clinical outcomes, including cardiovascular (CV) and all-cause mortality, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] supporting CR as a cost-effective and guideline-driven therapy following major CHD events. Now the emphasis is to improve delivery of therapy. 1, 2 Substantial evidence suggests that improvements in CRF explain most of the psychological and mortality benefits following formal CR and exercise training programmes. 3, 5, [12] [13] [14] [15] [16] However, more recent studies have focused on patients who do not respond to exercise training programmes or who have adverse effects to exercise training [i.e. non-response in CRF (NonRes)]. [17] [18] [19] [20] [21] The purpose of this study was to examine long-term mortality risk in a large cohort of CHD patients who completed CR, in the context of CRF improvements post-CR. In addition, we examined factors that predicted the NonRes phenotype following formal CR.
Methods
Patients were referred for a phase II CR programme after medical and/or revascularization therapy for CHD between 1 January 2000 and 30 June 2013 at the Ochsner Medical Center, their records were queried based on approval for retrospective chart reviews granted by the Ochsner Foundation IRB. Baseline anthropometric, lipid, and clinical data were measured as described previously, [22] [23] [24] [25] socio-economic data was unavailable. Body fat was assessed by the sum of the skin-fold method, which utilizes the average of three skin-folds (chest, abdomen, and thigh in men and thigh, triceps, and supra-iliac in women) as described previously. [26] [27] [28] Waist circumference (WC) was measured as the greatest diameter at the waist, with normal WC for women defined as <88.9 cm and for men defined as <101.6 cm. All measurements were made in the early morning. Ejection fraction was measured using 2D echocardiography within 4-8 weeks of completing CR. The prevalence of hypertension, current smoking, and diabetes was assessed using diagnostic codes. Levels of depression, anxiety, and hostility were measured using validated Kellner Symptom Questionnaires at the start and after completion of the programme. A score of > _7 for depression and > _8 for hostility and anxiety indicated a significant level of distress in these respective domains. These three scores were aggregated to reflect total psychosocial stress (PSS).
The cardiac rehabilitation programme consists of 36 sessions, with each session typically consisting of 10 min of warm-up exercises [stretching and calisthenics followed by 30-40 min of upright aerobic exercises (mostly treadmill, bicycle, and elliptical machines)] and light isometrics (hand weights) and completed with approximately 10 min of cool-down exercise. Intensity was targeted to heart rate close to the anaerobic threshold. Patients underwent cardiopulmonary exercise testing (CPX) with direct measurement of oxygen consumption before the start of the programme and after completion. 29 An exit CPX was required for enrolment in the study and only administered if 36 CR sessions were completed in order to use a standardized duration of exercise for assessing peak oxygen consumption (VO 2 ) changes, exercise intensity was not measured during these sessions. For this study, the degree of improvement following CR was defined as change in VO 2 ; NonRes was defined as lack of improvement by VO 2 (< _ 0 mLÁkg 
Statistical analysis
Statistical analyses were performed using either R statistical analysis software version 3.2.1 or JMP statistical software suite version 11. Data across multiple groups were compared with analysis of variance and v 2 analyses for nominal and categorical variables, respectively. Cox proportional hazard survival curves were constructed to assess survival. Common predictors of mortality were selected based on findings from literature evaluated for significant associations with mortality effects. Of these, Cox proportional hazard analyses were performed to predict mortality using age, gender, left ventricular ejection fraction (measured within 4-8 weeks of CR completion), and baseline VO 2 . Logistic regression was used to generate models of all recorded variables to detect associations between baseline variables and lack of response to CR. A stepwise reduction of the model was performed to maximize predictive utility. Two tailed P-values of less than 0.05 were considered significant.
Results

Baseline characteristics
Referral after revascularization or hospitalization for ACS was automatic, of these approximately 28% participated in CR. The number of patients included averaged approximately 80/year, a trend that was mostly uniform across the temporal spectrum. Only those who completed all 36 sessions were considered in this study. Our cohort completed CR in a mean of 136 ± 65 days with a median of 123 days, the population was predominantly older (mean age 65 years) and male (73%) with a high prevalence of hypertension (83%) and diabetes (36%) ( Table 1) . The subjects usually started CR 4-5 weeks after referral for coronary artery bypass graft (29%), acute coronary syndrome (14%), or percutaneous coronary intervention (41%), other referrals (16%) were for heart failure, valvular surgery, and stable CAD. Changes in VO 2 after CR were normally distributed with a mean gain 1.9 ± 3.3 mLÁkg
Ámin -1 ( Figure 1 ). Approximately 23% did not improve or decreased in VO 2 post-CR (mean loss 2.0 ± 2.4 mLÁkg
). Altogether, of the 1171 subjects, there were 266 NonRes, 458 LowRes, and 447 HighRes. When compared with all responders, NonRes (n = 266) were older (67 vs. 64 years old; P < 0.001), less heavy (84.0 vs. 87.0 kg; P = 0.02), had higher scores in hostility (3.2 vs. 2.6; P = 0.02), depression (4.0 vs. 3.3 ; P = 0.02), aggregated PSS (12 vs. 10; P = 0.02), had higher baseline high-density lipoprotein cholesterol (HDL-C) (43 vs. 40 mg/dL; P = 0.004), were more likely to be diabetic (42% vs. 35%; P = 0.045) and had a higher mortality (22% vs. 12%; P < 0.001). The respiratory exchange ratio was measured in all participants, the number of participants with a ratio > _1.05 was 68% among all responders and 65% among the NonRes.
Effect of cardiorespiratory fitness improvement on anthropomorphic and metabolic changes after cardiac rehabilitation
Greater improvements in CRF were associated with greater weight loss (HighRes -3.4 vs. LowRes -1.2 kg; P < 0.001), decreases in body fat (BF) (HighRes -2.1% vs. LowRes -1.4%; P = 0.001), and WC loss (HighRes -2.5 vs. LowRes -1.8 cm; P < 0.001) ( Table 2) . In terms of lipids, HDL-C was affected the most by changes in CRF (gains of 3.7, 2.5, and 1.6 mg/dL for HighRes, LowRes, and NonRes, respectively). Lastly, although improvements in depression, anxiety, and hostility were not significantly different between the three groups, responders had greater improvements in aggregated PSS when compared with NonRes (-12 vs. -10; P = 0.04; Table 2 ).
Cardiorespiratory fitness improvements and outcomes
By univariate analysis, mortality was significantly lower in the HighRes group (8% vs. 22% for NonRes and 8% vs. 17% for LowRes; P < 0.001). Mortality predictors in our cohort included a protective Ámin -1 higher improvement in VO 2 was associated with a 10% reduction in all-cause mortality. Baseline characteristics associated with NonRes were female gender, higher hostility (and depression) score, lower left ventricular ejection fraction, higher baseline VO 2 presence of diabetes, and greater age ( Table 4) . Hostility scores were a better predictor of NonRes than depression scores, and when both were included in our logistic regression models, independent effects of depression were not statistically significant. Predictors of HighRes included being male [odds ratio (OR) 1.22 ; P < 0.001], younger age (OR 0.99; P < 0.001), having lower baseline VO 2 (OR 0.99; P < 0.001) and not being depressed (OR 0.89; P = 0.01).
Discussion
In this long-term follow-up study of a cohort of patients completing CR after optimizing medical and/or revascularization therapies, there is significant variation in the level of improvement in CRF after CR that ties into differences in measured anthropomorphic metrics and mortality risk. Clearly, NonRes, which was present in nearly a quarter of CR participants, was associated with poor outcomes, and HighRes was associated with the best overall survival (Figure 2) . There are fairly marked variations in improvements in CRF following formal CR and exercise training programmes. In this sample, Ámin -1 ( Figure 1 ). Our prevalence of NonRes was similar to that of Savage et al. 19 who found that 21% of their participants did not improve their VO 2 significantly. It is interesting to note that despite not experiencing an improvement in CRF, the NonRes subgroup still had an improvement in anthropomorphic (mean BF loss 0.8%), metabolic (mean HDL-C gain 1.6 mg/dL), and psychosocial metrics (mean improvement in PSS 11.5) ( Table 2) . This is similar to what Pandey et al. 17 found in a study of 202 diabetics who underwent a 9 month supervised exercise training programme. A combination of awareness, education, time, and pharmacotherapy optimization after a hospitalization could potentially explain this finding. Although NonRes experienced some benefit from CR, this was disproportionately more so in the HighRes Subgroup. Higher absolute improvements were not only associated with lower all-cause mortality, but also greater HDL-C improvements, and greater weight and BF loss, which supports prior findings that exercise training is associated with increased insulin sensitivity 30 and HDL-C. 31, 32 Interestingly, baseline HDL-C appeared to be higher in the NonRes, a finding that we attribute to chance as we have not been able to find similar trends in the literature. Benefits in mortality risk and anthropomorphic changes found in the responder (and especially HighRes) group were greatly diminished in the NonRes group, a finding that is consistent with prior results indicating that mortality risks are inversely related to improvements in CRF with CR. [33] [34] [35] [36] The factors contributing to better HighRes outcomes may relate to closer adherence to an exercise training regimen and other preventive therapies; including dietary, medical therapies, and maybe additional exercise training outside of the predetermined CR sessions that would correlate with increased caloric expenditure. Greater weight/ fat mass loss, as well as higher reductions in stress can be potential motivational tools to stimulate patients to put more effort into enrollment, participation, and completion of CR. Risk factors for NonRes are also risk factors for non-adherence with CR. For example, as in our population, Wilson et al. 37 found that low left ventricular ejection fraction was also associated with CR non-completion due to severe fatigue in a cohort of heart failure patients. Similarly, older age has been shown to be associated with CR non-adherence. 38 Diabetes has likewise been implicated in impairing exercise response, and has been linked to perceptions of excess effort in women. 39 It is suspected that women are diagnosed with CHD at a later stage and are less likely to be referred to CR (and hence may have more advanced disease while in CR), which could lead to lower response rates. 40 They may also be more hesitant to exercise vigorously in an environment predominated by men. 41 Hostility and depression have both been demonstrated to have a paradoxical relationship with fitness and often coexist as a psychosocial stressor, which explains their effects in our population and their interactions in our models. 42, 43 The beneficial effects of CR on symptoms of PSS (including both depression and hostility) indicate that these are potentially modifiable risk factors. 44 Although the ENRICHD trial 45, 46 for treatment of depression after acute coronary syndrome did not find a significant difference in event-free survival when depression was treated with cognitive behavioural treatment, it did find a statistically significant increase of 43% in event free survival with the use of selective serotonin reuptake inhibitors in severely depressed individuals. This suggests that screening and treatment of depression might provide a benefit. However, randomization in ENRICHD was designed to examine the treatment of depression and low perceived social support, and the beneficial effect of selective serotonin reuptake inhibitors was found in a multivariate regression analysis. Nevertheless, PSS is associated with lower motivation and resolve, and it stands to reason that treating it would result in greater improvements in exercise tolerance. Additionally, we have previously demonstrated that improvements in CRF following CR correlated with improvements in psychological stress and stress-related mortality risk. [13] [14] [15] [16] Given the notable benefits of high CRF response, early identification of NonRes individuals and potential interventions to increase magnitude of the response provide an interesting avenue to optimize outcomes and return on investment associated with CR. Attempting to model pertinent risk factors suggested here and by others like Savage et al. into a scoring system would be the next logical next step in identifying these individuals and designing modified CR regimens to better help NonRes groups attain higher levels of CRF response, as well as better alleviate comorbid symptoms, decrease mortality, and ideally improve quality of life/productivity.
A significant limitation of this study is that it is observational in nature. As noted above, correlation of improvements and outcomes do not imply causation. Therefore, although intellectually appealing, we cannot assume that achieving higher CRF targets through greater effort would lead to the associated benefits. The fact that the study was observational also implies that the patients who completed CR (a requirement for study inclusion) are a disproportionately more motivated section of the population, since traditionally the cardiac referral rates are approximately 60% 47 and the participation rates are probably well less than 30%. 48 These factors could potentially cause a sample bias in our population. However, in the absence of randomized clinical trials, this data supports higher targets for absolute CRF. Although information about our subjects' potential comorbidities were not known in our data, individuals with terminal diseases are rarely referred to CR, that being said Savage et al. 19 found that in their patient population, comorbidities were a predictor of NonRes. Another limitation is that the Kellner questionnaire, although validated, is not as widely used for the assessment of depression as Becks Depression Inventory or the Hamilton Rating Scale for Depression. A lack of available data on medication regimens may Results of an optimized logistic regression model examining significant factors associated with being a non-responder.
